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Mutagenicity Studies and Klak Kstlmatlon 
of Complex Mixtures of Organic Airborne Contaialnanta 

A.S Raj and U.M. Luyan 

Department of Biology 

York University 

North York, Ont. M3J 1P3 

Typical human exposure to atmospheric pollutants rarely 
olves only a single chemical. Rather, most natural atmospheres 
italn complex mixtures of such potentially dangerous chemicals 
polycycllc aromatic hydrocarbons (PAHs), nltro pyrenes and 
ogenated hydrocarbons. Although the risk associated with 
ividual chemicals can be assessed, the risk due to mixtures Is 
h more difficult to anticipate since the components may Inter- 
In several different and unpredictable ways. Our general 
roach to this problem has been to measure the mutagenicity of 
h individual chemicals and defined mixtures of the same 
olcals. From these data we hope to Identify basic principles 
chamlc.l Interaction, as they relate to human risk, in natural 
^spheres . 

The research reported here involves two groups of chemicals 
Benzo(a)pyrene (BaP) , 7, 12-blmethyl benz(a)anthracene (DMBA) 
1 Nltro pyrene and (11) Benza(b)f luoranthene, Dibenz(a,h) 

iracene and I , 1 , 1 , -Trlchloroethane . All have been tested alone 
in combinations in two short term bloassays; the Ames 

lonella assay and the In vivo murine bone marrow mlcronucleus 

The data obtained suggest some basic prlnclplea concerning 
Ilex atmospheric mixtures and Indicate where further testing Is 
Ired. 



345 




Materials and M e tho ds 
a) Chemicals: BaP, DMBA, 1-Nltropyrene, Dlbenz(a,h)anthracene, 

Beiizo(b)fluoranthene, and 1 , 1 . 1-Trlchloroethane were obtained 

from Aldrlch Chemical Company. 
*>) Bacterial .^trains; Hlstidine auxotrophs of S almonella 

typhim urlum strains TA 98 (frame shift mutant), and TA 100 

(substitution deletion strain) were obtained from Professor 

B. Ames. 

c) Mice: B6C3Fi male mice, were purchased from Harlan Sprague 
Dawley Inc. The mice were used at e-9 weeks of age. 

d) Ames' Salmonella assay: The procedure described by Naron and 
Ames (1983) was followed. The "Plate incorporation test" was 
used for mutagenicity testing. All the mutagens were tested 
with and without S9 . Mutagenicity, in units of 
revertants/pg, was calculated from the initial linear portion 
of the dose (pg/plate) response curve. 

If the solvent control value was within normal range, a test 
chemical or mixture that produced a positive dose response 
over three concentrations, with the highest increaee equal to 
at least twice the solvent control value for TA 98 and TA 
100, was considered mutagenic. 

e) In vivo bone marrow micronucleus assay : This assay measures 
chromosomal breakage in bone marrow cells. The assay 
procedure used was that of Heddle and Salamone (1981) which 
is a modification of the original procedure of Schmid (1973, 
197S). 




Resul.tji 

a) Ames Assay 

(I) Group I tested individually. 

BaP, DMBA, 1 -Mltropyrene are mutagenic to strains TA 98 and 
TA 100. However, BaP and DMBA are mutagenic only with S9 
metabolic activation, whereas 1 -Ni tropyrene is mutagenic even 
in the absence of S9 metabolic activation. 

(II) Group II tested individually. 

Neither Benzo( b) f luoranthene nor Dibenz(a ,h)anthracene is 
mutagenic to strain TA 98 in the presence or absence of 
activation. 

(ill) Group I tested in combinations. 

Palrwise combinations of Group I and all three tested 
together produce more complicated responses which are shown 
in Table I. Tests of Group II in combinations have not yet 
been completed, 
b ) M icronucleus Assa y 

All chemicals were tested over dose ranges from approximately 
10 mgm/kg to several hundred mgm/kg . (The actual doses depended 
on the previously measured LDgo) ■ All samples were collected and 
assayed 48 hr after injection. The data obtained are shown in 
Table 2. In Group I BaP and DMBA were mutagenic and 1 »:itropyrene 
weakly mutagenic. BaP and DMBA combined show less than additive. 
In Group II Benzo(b)- fluoranthene and Dlbenz(a,h)anthracene are 
mutagenic while 1 , 1 , l-Trichloroethane is not. All combinations of 
Group II show less than additive effects. 
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Abos assays of potential atmospheric pollutants 
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TABLE _2j_ 

Mlcronucleus assay of potential atmospharlc pollutants 



Chenlcal(6) Tested 



Mutagenicity 



GROUP L 

A. BaP 

B . DMBA 

C. 1-Ni tropyrene 

(A + B) 

(B + C) 

(A t C) 

(A 4- B 4- C) 

GROUP II 

D. Benzo(b)f luoranthene 

E. Dibenz(a,h)anthracene 

e. 1 , 1 , 1-trlchlorethane 

(D + E) 
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(D + E + F| 
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NT 

NT 

MT 
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Less than additive 

Less than additive 
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D iscussion 
The preliminary data presented here demonstrate many of the 
difficulties encountered when one Is trying to assess the 
biological risk of complex atmospheric mixtures. Such problems 
Include: mutagenicity in one test system but not another 
( Benzo { b ) f luoranthene and Dlbenz( a , h) anthracene) , synergism with 
one tester strain in the Ames assay and inhibition with another, 
the requirement for activation in one test system but not another, 
etc. Although much of the data is preliminary, when it is 
considered in conjunction with other testing of PAlIs in our 
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laboratory (Raj et^.si. 1988) some Initial observations appear. 
For exaaple, <1) Palrwlse assays rarely give additive responses In 
the test systems we have used. (2) Palrwlse combinations of a 
promutagen and a direct acting mutagen usually produce a 
synergistic response In the Ames Assay. Such a response Is 
achieved even In the absence of S9 although It Is even higher In 
the presence of S9. (3) Most synergistic responses are In the 
range of 1.5 to 3.0 X the additive responses. (4) The 
mlcronucleus assay rarely exhibits an additive or synergistic 
response . 

Clearly it is premature to suggest broad principles of 
pollutant interaction, however the results of our experiments 
•ncourage us that such principles exist and await only further 
research to reveal them. 
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